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(54) Digital broadcasting receiver and digital broadcasting system 



(57) On the side of a transmitter in a digital broad- 
casting system, a multiplexed picture is produced by 
multiplexing a plurality of pictures using a frame mem- 
ory device (4). A video encoder (6) encodes the multi- 
plexed picture so as to realize a prescribed 
correspondence between a field type (even, odd) and a 
displaying order. Thus, a plurality of encoded pictures 
FIG. 1 



SYNCHRONOUS 



having the GOP structure are produced. The encoded 
pictures are transmitted to a receiver in the digital 
broadcasting system by using a one-channel transmis- 
sion path. On the receiver side, decoding is carried out 
on a GOP basis and formatting is carried out according 
to the displaying order. 




1 EPOJ 

Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to digital broad- 
casting receivers and systems and, more particularly, to 
a digital broadcasting receiver and system capable of 
transmitting, using a one-channel transmission path, 
and reproducing a multiplexed picture that is formed by 
multiplexing a plurality of pictures. 

Description of the Background Art 

[0002] The non-interlace digital broadcasting system 
using the 525p sequential scanning method has been 
an example of the digital broadcasting system. The 
details of the non-interlace digital broadcasting system 
are disclosed, for example, in Urano et al., "Develop- 
ment of CS Digital Broadcasting System Prototype for 
525-Progressive Scanning Signal," ITE Technical 
Report, Vol. 20, No. 13, pp. 25-30, February 27, 1996. 
[0003] The non-interlace digital broadcasting system 
provides broadcasting service by using picture data for 
the non-interlace scanning method that is different from 
the current interlace scanning (NTSC) method. 
[0004] The inventor proposed a digital stereoscopic 
broadcasting system for transmitting and receiving 
right-eye and left-eye pictures, which are obtained by 
the interlace scanning method, along a one-channel 
transmission path by converting the pictures into a one- 
frame multiplexed picture for the non-interlace scanning 
method (Japanese Patent Laying-Open No. 10- 
174064). According to the digital stereoscopic broad- 
casting system, stereoscopic broadcasting service can 
be provided through a one-channel transmission path. 
[0005] A transmitter of the digital stereoscopic broad- 
casting system alternately transmits odd and even fields 
of multiplexed picture data along a one-channel trans- 
mission path. Meanwhile, a receiver has to return the 
received, one-channel multiplexed picture to the right- 
eye and left-eye pictures for the two-channel interlace 
scanning method and appropriately format the pictures 
according to the field types. 

[0006] However, the receiver does not have the func- 
tion of determining whether a picture to be formatted 
corresponds to an odd field or an even field. It is there- 
fore likely that an picture is reproduced and displayed 
with a mistaken exchange of odd and even fields. This 
problem occurs even when a picture other than a stere- 
oscopic picture is to be transmitted by multiplexing. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
a digital broadcasting system capable of transmitting an 
encoded multiplexed picture along a one-channel path 
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and properly reproducing and displaying the picture. 
[0008] According to one aspect of the present inven- 
tion, a digital broadcasting system includes a picture 
producing circuit for producing a plurality of multiplexed 

5 pictures each formed of a plurality of original pictures 
and encoding the plurality of multiplexed pictures to pro- 
duce a plurality of encoded pictures, a transmitting cir- 
cuit for transmitting an ou^aut of the picture producing 
circuit to a one-channel transmission path, a receiving 

w circuit for receiving an output of the transmitting circuit 
through the one-channel transmission path, a decoder 
for decoding the plurality of encoded pictures received 
in the receiving circuit to reproduce the plurality of mul- 
tiplexed pictures and sequentially outputting the Die- 
ts tures according to a displaying order, and a formatting 
circuit for formatting the reproduced multiplexed pic- 
tures output from the decoder based on a field type 
according to the displaying order, the field type being an 
even field or an odd field, and the picture producing cir- 

20 cuit producing the plurality of encoded pictures so as to 
realize a prescribed correspondence between the field 
type and the displaying order. 
[0009] Preferably, the plurality of multiplexed pictures 
include a multiplexed picture in the even field and a mul- 

25 tiplexed picture in the odd field, the picture producing 
circuit includes a multiplexing circuit for alternately pro- 
ducing and outputting the multiplexed picture corre- 
sponding to the even field and the multiplexed picture 
corresponding to the odd field from a prescribed one of 

30 them, and an encoder for starting encoding from a mul- 
tiplexed picture that is output first from the multiplexing 
circuit and adding reference data indicating the display- 
ing order to each of the plurality of encoded pictures, 
and the formatting circuit adds, to the reproduced multi- 

3s plexed picture, a synchronous signal corresponding to 
the even field or a synchronous signal corresponding to 
the odd field according to whether the reference data of 
the reproduced multiplexed picture is odd or even. 
[0010] Preferably, the plurality of encoded pictures 

40 form a GOP structure based on the MPEG method, and 
the picture producing circuit encodes the plurality of 
multiplexed pictures so that a prescribed one of the 
even field and the odd field comes first in the displaying 
order when the pictures are decoded. 

45 [0011] According to the digital broadcasting system of 
the present invention, the encoded pictures are pro- 
duced so as to realize a prescribed correspondence 
between the field type and the displaying order based 
on a rule between the transmitting and receiving sides. 

so Thus, the receiving side can discriminate the field type 
(odd and even fields) of the reproduced pictures by 
decoding the encoded pictures. As a result, proper for- 
matting (that is, reproducing and displaying) can be 
made possible. Further, by multiplexing and encoding a 

55 plurality of original pictures based on a rule between the 
transmitting and receiving sides, the receiving side can 
properly format original pictures. 
[0012] Another object of the present invention is to 
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provide a digital broadcasting receiver capable of prop- 
erly reproducing and displaying an encoded multiplexed 
picture received by using a one-channel path. 
[001 3] According to another aspect of the present 
invention, a digital broadcasting receiver includes a 
receiving circuit for receiving, through a one-channel 
transmission path, a plurality of encoded pictures that 
are produced by encoding a plurality of multiplexed pic- 
tures each including a plurality of original pictures, a 
decoder for decoding the received plurality of encoded 
pictures to reproduce the plurality of multiplexed pic- 
tures and sequentially outputting the pictures according 
to a displaying order, and a formatting circuit for format- 
ting the reproduced multiplexed pictures output from the 
decoder based on a field type according to the display- 
ing order, the plurality of encoded pictures each having 
reference data attached thereto indicating a displaying 
order, the field type being an even field or an odd field, 
and an encoded picture having prescribed reference 
data of the plurality of encoded pictures corresponding 
to a prescribed one of the even field and the odd field. 
[0014] Preferably, the plurality of multiplexed pictures 
alternately include a multiplexed picture corresponding 
to the even field and a multiplexed picture correspond- 
ing to the odd field, an encoded picture having odd ref- 
erence data of the plurality of encoded pictures 
corresponds to a prescribed one of the even field and 
the odd field, and the formatting circuit adds, to the 
reproduced multiplexed pictures, a synchronous signal 
corresponding to the even field or a synchronous signal 
corresponding to the odd field according to whether the 
reference data is odd or even. 
[0015] Preferably, the plurality of multiplexed pictures 
are encoded so that a prescribed one of the even field 
and the odd field comes first in the displaying order 
when the pictures are decoded. 
[0016] According to the digital broadcasting receiver 
of the present invention, the field type (odd and even 
fields) of a reproduced picture can be discriminated by 
decoding a received encoded picture based on a rule 
between the transmitting and receiving sides. Thus, 
proper formatting (that is, reproducing and displaying) 
can be made possible. Especially, the receiving side 
can properly format original pictures based on the rule 
between the transmitting and receiving sides even for 
such multiplexed pictures that are formed by multiplex- 
ing a plurality of original pictures. 
[0017] The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a block diagram for describing one example 



of the structure of a transmitter in a digital broad- 
casting system in a first embodiment. 
Figs. 2A to 2C are conceptual diagrams for describ- 
ing one example of the picture configuration of mul- 
s Splexed picture data in the first embodiment. 

Figs. 3A and 3B are conceptual diagrams for 
describing the encoding process based on the 
MPEG standard. 

Fig. 4 is a block diagram for describing one example 
w of the structure of a receiver in the digital broad- 
casting system in the first embodiment. 
Figs. 5A to 5C are diagrams for describing an oper- 
ation of the receiver in the first embodiment. 
Figs. 6A to 6C illustrate picture data formats in the 
is first embodiment. 

Fig. 7 is a block diagram for describing one example 
of the structure of a transmitter in a digital broad- 
casting system in a second embodiment. 
Fig. 8 is a block diagram for describing one example 
20 of the structure of a receiver in the digital broad- 
casting system in the second embodiment. 
Rgs. 9A to 9C are diagrams for describing an oper- 
ation of the receiver in the second embodiment. 

25 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

30 [001 9] One example of the structure of a transmitter in 
a digital broadcasting system in a first embodiment will 
be described with reference to Fig. 1 . The transmitter in 
the first embodiment multiplexes right-eye and left-eye 
pictures that form a stereoscopic picture and encodes 

35 the produced multiplexed picture according to a prede- 
termined procedure. Referring to Fig. 1 , the transmitter 
in the digital broadcasting system includes interlace 
type cameras 2a, 2b, and a picture producing circuit 
including a frame memory device 4 and a video encoder 

40 6. 

[0020] Interlace type cameras 2a, 2b (hereinafter, 
referred to as cameras 2a, 2b) are used as the input 
devices of video data. Cameras 2a, 2b are simultane- 
ously operated to pick up a stereoscopic picture. Cam- 

45 era 2a outputs left-eye picture data L while camera 2b 
outputs right-eye picture data R. 
[0021 ] Frame memory device 4 receives a total of two 
fields of picture data from cameras 2a, 2b, converts the 
picture data into one flame of picture data (multiplexed 

so picture data), and outputs the converted picture data. 
Frame memory device 4 includes two field memories 
F1 , F2. Left-eye picture data L received from camera 2a 
is written to field memory F1 while right-eye picture data 
R received from camera 2b is written to field memory 

55 F2. Picture data is read from one field memory at a 
speed twice as high as the writing speed and, thereaf- 
ter, picture data is read from the other field memory at a 
speed twice as high as the writing speed. Thus, a multi- 
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plexed picture that includes the right-eye and left-eye 
pictures in one frame is produced. 
[0022] One example of the picture configuration cor- 
responding to a multiplexed picture in the first embodi- 
ment will be described with reference to Figs. 2A to 2C. 
Figs. 2A and 2B show one example of the picture con- 
figuration corresponding to left-eye and right-eye pic- 
tures, respectively, and Fig. 2C shows one example of 
the configuration of a picture (referred to as a multi- 
plexed picture) corresponding to a multiplexed picture. 
[0023] Referring to Figs. 2A and 2B, it is assumed that 
the effective pixel number of a picture corresponding to 
interlace field data (right-eye data R, left-eye data L) is 
720 for the horizontal direction and 240 for the vertical 
direction. It is also assumed here that the horizontal 
synchronous frequency FH is about 15.75 kHz 
(15.75/1.001 kHz) and the vertical synchronous fre- 
quency FR is about 60 Hz (60/1.001 Hz). In this case, 
the writing frequency for frame memory device 4 is FH 
and the reading frequency is (2xFH). 
[0024] As shown in Fig. 2C, the effective pixel number 
of the multiplexed picture is 720 for the horizontal direc- 
tion and 480 for the vertical direction. This corresponds 
to the standard picture configuration for the non-inter- 
lace scanning method. Further, the horizontal synchro- 
nous frequency is about 31 .5 kHz (31 .5/1 .001 kHz) and 
the vertical synchronous frequency is about 60 Hz 
(60/1.001 Hz). This corresponds to the standard signal 
format for the non-interlace scanning method. 
[0025] The multiplexed picture is formed of two blocks 
B1, B2. One of blocks B1, B2 is a picture that corre- 
sponds to the right-eye picture obtained by the interlace 
scanning method, and the other is a picture that corre- 
sponds to the left-eye picture obtained by the interlace 
scanning method. In the following example, block B1 is 
the picture for the left-eye picture and block B2 is the 
picture for the right-eye picture. 
[0026] Referring to Fig. 1 , frame memory device 4 
alternately produces and outputs multiplexed picture 
data in an odd field and multiplexed picture data in an 
even field. Video encoder 6 carries out MPED encoding 
(carries out encoding) according to the MPEG standard 
by regarding a plurality of multiplexed pictures as a unit, 
and outputs a plurality of encoded pictures. 
[0027] The encoding process based on the MPEG 
standard will be described with reference to Figs. 3A 
and 3B. Fig. 3A shows the GOP (Group of Picture) 
structure formed of twelve encoded pictures, and Fig. 
3B shows the displaying order (corresponding to the 
order of original pictures) for reproducing and display- 
ing. It is noted that the arrows in Figs. 3A and 3B indi- 
cate a correspondence between the encoded pictures 
forming the GOP structure and the displaying order, 
[0028] An I picture, which is an intra coded picture, is 
predicted (encoded) based on information in the frame. 
A P picture is a bidirectionally predictive coded picture 
that is encoded from a reference picture (I or P pictures) 
that exist in the remotest past in time. A B picture is a 



bidirectionally predictive coded picture that is predicted 
from reference pictures (I and P pictures) that exist in 
the nearest past and in the nearest future in time. 
[0029] In order to restructure (decode) these P and B 

5 pictures, it is necessary to decode the reference pic- 
tures in advance. In the MPEG standard encoding, 
therefore, the order of the encoded pictures in the GOP 
is different from the displaying order as shown in Figs. 
3A and 3B. Thus, the encoded pictures that form the 

io GOP are each supplied with reference data TR (Tempo- 
ral Reference) indicating the displaying order. 
[0030] In the first embodiment, encoded pictures are 
produced so as to realize a prescribed correspondence 
between reference data TR and a field type included in 

15 each picture. More specifically, encoding is carried out 
so that a multiplexed picture in a prescribed field (even 
or odd) becomes an encoded picture that has pre- 
scribed reference data TR. 

[0031] In the following example, when reference data 

20 TR is 0-N-1 , a multiplexed picture corresponding to an 
even field becomes an encoded picture having "0" as 
reference data TR. It is also assumed that the number N 
of encoded pictures forming the GOP is even. 
[0032] Therefore, the reading operation of frame 

25 memory device 4 is controlled by using a synchronous 
signal so that data that is output first from frame mem- 
ory device 4 to video encoder 6, as shown in Fig. 1 , is 
multiplexed picture data in an even field. 
[0033] More specifically, the synchronous signal is 

so supplied from camera 2a (or 2b) to frame memory 
device 4. Based on the synchronous signal, frame 
memory device 4 determines the field type of input pic- 
ture data (whether it is in an even field or an odd field). 
In the case of picture data in an even field, production of 

35 multiplexed picture data is started by using the data. At 
the same time, frame memory device 4 outputs a start 
signal for controlling the start of encoding to video 
encoder 6. 

[0034] Based on the start signal, video encoder 6 
40 starts encoding in synchronization with the multiplexed 

picture date received from frame memory device 4. 

Thus, video encoder 6 carries out encoding so that a 

multiplexed picture in an even field, which is received 

first from frame memory device 4, becomes an encoded 
45 picture having "0" as reference data TR. As a result, 

encoding is carried out according to the rule as 

described above. 

[0035] The transmitter in the digital broadcasting sys- 
tem further includes a sound collecting device 8, an 

so audio encoder 10, a multiplexing device 12, a digital 
modulator 14, and satellite communication equipment 
16. Sound collecting device 8 obtains sound. Audio 
encoder 10 encodes the obtained sound. Multiplexing 
device 12 multiplexes the outputs of video encoder 6 

55 and audio encoder 10. The output of multiplexing device 
12 is modulated in digital modulator 14 and transmitted 
to communication satellite 18 by satellite communica- 
tion equipment 16. Communication satellite 18 trans- 
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mils data received from satellite communication 
equipment 16 to a receiver. 

[0036] A receiver in the digital broadcasting system in 
the first embodiment will be described with reference to 
Fig. 4. The receiver in the first embodiment decodes an 
encoded multiplexed picture and formats the picture 
according to a rule with the transmitter. Referring to Fig. 
4, the receiver includes a receiving antenna 22 for satel- 
lite broadcasting, a receiving circuit 24 for the interlace 
method, a separating block 26, a decoding block 28, 
and a monitor 60. 

[0037] The receiver receives one-channel, encoded 
multiplexed picture data that is transmitted from com- 
munication satellite 18 by using receiving antenna 18 for 
satellite broadcasting. Receiving circuit 24 for the inter- 
lace method includes a tuner portion and a transmission 
path decoding portion (not shown), and carries out dig- 
ital demodulation, error correction and the like on 
received data. Separating block 26 is used to separate 
MPEG picture data (encoded multiplexed picture data) 
and encoded sound data. The MPEG picture data is 
sent to decoding block 28. 

[0038] Decoding block 28 includes a decoding portion 
30, a memory 32, a synchronous signal adding portion 
34, and a D/A converter 36. Decoding portion 30 
decodes MPEG picture data received from separating 
block 26. Thus, reproduced picture data is generated. 
The reproduced picture data is stored in memory 32 for 
a while. I and P pictures of the reproduced picture data 
stored in memory 32 are used as reference pictures for 
decoding a P or B picture. 

[0039] Decoding portion 30 reads the reproduced pic- 
ture data based on reference data TR that is added to 
the MPEG picture data before reproduction (according 
to a displaying order). At the same time, decoding por- 
tion 30 outputs a discriminant signal OE. Discriminant 
signal OE indicates that reproduced picture data, which 
is read, corresponds to an even field if reference data 
TR is even (0, 2 (N-2)) and indicates that repro- 
duced picture data, which is read, corresponds to an 

odd field if reference data TR is odd (1 , 3 (N-1)). 

[0040] Synchronous signal adding portion 34 adds a 
synchronous signal to the read reproduced picture data 
based on discriminant signal OE received from decod- 
ing portion 30. That is, synchronous signal adding por- 
tion 34 carries out formatting. 
[0041] It is assumed here that reference data TR is 
expressed by n-bit (ns1) binary numbers. According to 
the rule above, when the least significant bit of refer- 
ence data TR that corresponds to the reproduced pic- 
ture data sent to synchronous signal adding portion 34 
is "0" (even), the reproduced picture data corresponds 
to an even field. When the least significant bit of refer- 
ence data TR is "1 " (odd), therefore, the reproduced pic- 
ture data corresponds to an odd field. 
[0042] Further, according to the rule above, the upper 
half (block B1) and lower half (block B2) of a multiplexed 
picture are formed of left-eye and right-eye pictures, 
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respectively. According to these rules, therefore, four 
pictures (odd/even fields of a right-eye picture, and 
odd/even fields of a left-eye picture) can be discrimi- 
nated by discriminant signal OE. Synchronous signal 
5 adding portion 34 adds a synchronous signal to the 
reproduced picture data based on discriminant signal 
OE. 

[0043] An operation of the receiver will be described 
with reference to Figs. 5A to 5C. The arrows connecting 

10 Figs. 5A and 5B indicate relations between encoded 
pictures and reproduced pictures. In Fig. 5A, the sym- 
bols of I, B and P denote I, B and P pictures, respec- 
tively. In Figs. 5C and 5B, the symbols of EVEN and 
ODD denote even and odd fields, respectively, while the 

is symbols of A, B, C, ... denote reproduced pictures. 
[0044] Decoding block 28 receives a plurality of 
encoded pictures (a plurality of MPEG picture data) 
forming a GOP in the order as shown in Fig. 5A. Repro- 
duced picture data is generated by decoding portion 30. 

20 The reproduced picture data is stored in memory 32. As 
shown in Fig. SB, according to reference data TR, corre- 
sponding reproduced picture data is read from memory 
32 and transmitted to synchronous signal adding por- 
tion 34. As shown in Fig. SC. synchronous signal adding 

2s portion 34 adds a synchronous signal to each of left-eye 
picture data L of the first 240 lines (upper half or block 
B1) forming reproduced picture data and right-eye pic- 
ture data R of the remaining 240 lines (lower half or 
block B2) based on discriminant signal OE. 

30 [0045] Figs. 6A to 6C illustrate picture data formats in 
the first embodiment. Fig. 6A shows a format of picture 
data to be transmitted and received (525P format). Fig. 
6B shows an example of the format of picture data 
obtained by adding synchronous signals (stereoscopic 

35 format (1)). Fig. 6C shows an example of the format of 
picture data obtained by adding synchronous signals 
(stereoscopic format (2)). In Figs. 6A to 6C, the symbols 
of A and C correspond to left-eye pictures while the 
symbols of B and D correspond to right-eye pictures. 

40 [0046] Referring to Fig. 6A, one vertical period of the 
525P format has 525 horizontal periods. One horizontal 
period is denoted by "H." The vertical period consists of 
a vertical synchronizing period (6H) for adding a vertical 
synchronizing pulse to synchronous signal level data, 

45 an equalizing pulse period (37H) for adding an equaliz- 
ing pulse to pedestal level data, a period (480H) for add- 
ing picture data itself, and an equalizing pulse period 
(2H). 

[0047] The stereoscopic format (1) shown in Fig. 6B 
so corresponds to monitor 60 which displays a left-eye pic- 
ture in an even field, a right-eye picture in an even field, 
a left-eye picture in an odd field, and a right-eye picture 
in an odd field in this order. One vertical period of the 
stereoscopic format (1) has 525x2 (1050)H as shown in 
55 Fig. 6B. The vertical period consists of a period corre- 
sponding to an even field and a left-eye picture (referred 
to as a first period, 263H), a period corresponding to an 
even field and a right-eye picture (referred to as a sec- 
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ond period, 262. 5H), a period corresponding to an odd 
field and a left-eye picture (referred to as a third period, 
263H), and a period corresponding to an odd field and a 
right-eye picture (referred to as a fourth period, 261 5H). 
[0048] The first period consists of a vertical synchro- 
nizing period (3H), an equalizing pulse period (15H), a 
period (240H) for adding picture data, and an equalizing 
pulse period (5H). The second period consists of a ver- 
tical synchronizing period (3H), an equalizing pulse 
period (15H), a period (240H) for adding picture data, 
and an equalizing pulse period (4.5H), The third period 
consists of a vertical synchronizing period (3H), an 
equalizing pulse period (15.5H), a period (240H) for 
adding picture data, and an equalizing pulse period 
(4.5H), The fourth period consists of a vertical synchro- 
nizing period (3H), an equalizing pulse period (15.5H), a 
period (240H) for adding picture data, and an equalizing 
pulse period (3H). 

[0049] The stereoscopic format (2) shown in Fig. 6C 
corresponds to monitor 60 which is for display using a 
two-channel picture signal in which one channel is for 
alternately displaying right-eye pictures in even and odd 
fields and the other channel is for alternately displaying 
left-eye pictures in even and odd fields. The vertical 
period of the stereoscopic format (2) has 262.5H as 
shown in Fig. 6C. 

[0050] The vertical period for an even field consists of 
a vertical synchronizing period (3H), an equalizing 
pulse period (1 7H), a period (240H) for adding picture 
data, and an equalizing pulse period (2.5H). The verti- 
cal period for an odd field consists of a vertical synchro- 
nizing period (3H), an equalizing pulse period (16.5H), a 
period (240H) for adding picture data, and an equalizing 
pulse period (3H). 

[0051] Referring to Fig. 4, a picture signal to which a 
synchronous signal has been added in synchronous 
signal adding portion 34 is converted to an analog pic- 
ture signal by D/A converter 36. Thereafter, the signal is 
output to monitor 60. 

[0052] In this embodiment, MPEG encoding is carried 
out so that multiplexed pictures (left-eye and right-eye 
pictures) in an even field become encoded pictures 
which have reference data TR=0. However, MPEG 
encoding is not limited to this manner but it may be car- 
ried out so that multiplexed pictures in an odd field 
become encoded pictures which have reference data 
TR=0. 

[0053] In this case, discriminant signal OE indicating 
an odd field picture is output to synchronous signal add- 
ing portion 34 if reference data TR corresponding to a 
reproduced picture, which is sent to synchronous signal 
adding portion 34, is even, and discriminant signal OE 
indicating an even field picture is output to synchronous 
signal adding portion 34 if reference data TR is odd. 
[0054] Further, the GOP structure is not limited to the 
one shown in Fig. 3A. Any GOP structure including an 
even number of encoded pictures is sufficient. The input 
of the receiver is not always given by antenna 22. The 



receiver may receive, for example, picture data, which is 
encoded according to a rule, from a recording and 
reproducing device (such as a personal computer hard 
disk a DVD, a DVD-RAM, a D-VTR, an MD, and a mag- 
5 neto -optical disk). 

Second Embodiment 

[0055] A second embodiment will be described based 

io on a case in which the present invention is applied to 
the broadcasting service for providing two pictures 
(except stereoscopic broadcasting) synchronous with 
each other. In the following, the components common to 
the first embodiment are denoted by the same reference 

15 characters and their description will not be repeated. 
[0056] One example of the structure of a transmitter in 
a digital broadcasting system in the second embodi- 
ment will be described with reference to Fig. 7. Refer- 
ring to Fig. 7, the transmitter in the digital broadcasting 

20 system includes interlace scanning type signal generat- 
ing devices 42a, 42b (VTRs and cameras, for example) 
as the input devices of pictures. Interlace scanning type 
signal generating devices 42a, 42b are synchronously 
operated. Interlace scanning type signal generating 

25 devices 42a, 42b output picture date A1 (first picture) 
and picture data A2 (second picture), respectively. 
[0057] Frame memory device 4 receives a total of two 
fields of picture data A1, A2 from interlace scanning 
type signal generating devices 42a, 42b, converts the 

30 data into one-frame picture data (multiplexed picture 
data), and outputs it. Specifically, frame memory device 
4 includes two field memories as described in the first 
embodiment. One filed memory is written picture data 
while the other field picture is written picture data. At a 

35 speed twice as high as the writing frequency, picture 
data A1 and picture data A2 are successively read from 
one field memory and the other field memory. Thus, a 
multiplexed picture formed by multiplying two pictures is 
obtained. In the following example, block B1 shown in 

40 Fig. 2C is a picture that corresponds to the first picture 
(picture data A1) and block B2 is a picture that corre- 
sponds to the second picture (picture data A2). 
[0058] The multiplexed picture is MPEG-encoded in 
video encoder 6. At this time, encoding is carried out so 

45 that a multiplexed picture of a prescribed field type 
(even or odd) becomes an encoded picture which has 
prescribed reference data TR as described in the first 
embodiment. 

[0059] It is assumed in the following example that, 
so when reference data TR is 0-N-1 , a multiplexed picture 
corresponding to an even field becomes an encoded 
picture which has "0" as reference data TR. Further, the 
number N of encoded pictures forming the GOP is even 
and the encoding operation is as described in the first 
55 embodiment. Encoded multiplexed picture data is proc- 
essed in a circuit at a subsequent stage and transmitted 
to communication satellite 18 by a one-channel trans- 
mission path. 
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[0060] One example of the structure of a receiver in 
the digital broadcasting system in the second embodi- 
ment will be described in the following with reference to 
Fig, 8. Referring to Fig. 8, the receiver includes an 
antenna 22, a receiving circuit 24, a separating block 
26, and a decoding block 48. 

[0061] The receiver receives one-channel, encoded 
multiplexed picture data, which is transmitted from com- 
munication satellite 18, by receiving antenna 22 for sat- 
ellite broadcasting. Receiving circuit 24 carries out 
digital demodulation, error correction and the like on 
received data. Separating block 26 separates the data 
into MPEG picture data and sound data. The MPEG pic- 
ture data is sent to decoding block 48. 
[0062] Decoding block 48 includes a decoding portion 
50, a memory 52, a synchronous signal adding portion 
54, and a D/A converter 56. Decoding portion 50 
decodes MPEG picture data received from separating 
block 26. Thus, reproduced picture data is generated. 
The reproduced picture data is stored in memory 52 for 
a while. I and P pictures of the stored reproduced pic- 
ture data are used as reference pictures for decoding a 
P or B picture. 

[0063] Decoding portion 50 reads the reproduced pic- 
ture data from memory 52 based on reference data TR 
which has been added to the MPEG picture data before 
reproduction (according to a displaying order). At the 
same time, decoding portion 50 outputs discriminant 
signal OE. Discriminant signal OE indicates that the 
reproduced picture data, which is read, corresponds to 
an even field if reference data TR is even and indicates 
that the reproduced picture data, which is read, corre- 
sponds to an odd field if reference data TR is odd. 
[0064] Synchronous signal adding portion 54 adds 
synchronous signals to the read reproduced picture 
data based on discriminant signal OE received from 
decoding portion 50. That is, synchronous signal adding 
portion 54 carries out formatting. 
[0065] It is assumed that reference data TR is 
expressed by n-bit (n>1) binary numbers. According to 
the rule above, when the least significant bit of refer- 
ence data TR corresponding to the reproduced picture 
data, which is sent to synchronous signal adding portion 
54, is "0" (even), the reproduced picture data corre- 
sponds to an even field. When the least significant bit of 
reference data TR is "1 " (odd), however, the reproduced 
picture data corresponds to an odd filed. 
[0066] According to the rule above, the upper half 
(block B1) and lower half (block B2) of a multiplexed pic- 
ture are formed of the first and second pictures, respec- 
tively. According to these rules, therefore, four pictures 
(odd/even fields of the first picture, and odd/even fields 
of the second picture) are discriminated by discriminant 
signal OE. Synchronous signal adding portion 54 adds 
synchronous signals based on discriminant signal OE. 
[0067] An operation of the receiver will be described 
with reference to Figs. 9A to 9C. The arrows connecting 
Figs. 9A and 9B indicate relations between encoded 
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pictures and reproduced pictures. In Fig. 9A, the sym- 
bols of I, B and P denote I, B and P pictures, respec- 
tively. In Figs. 9A to 9C, the symbols of EVEN and ODD 
denote even and odd fields and the symbols of A, B, 
5 C,... denote reproduced pictures. 

[0068] Decoding block 48 receives a plurality of 
encoded pictures (a plurality of MPEG picture data) 
forming a GOP in the order as shown in Fig. 9A. Repro- 
duced picture data is generated by decoding portion 50. 
10 The reproduced picture data is stored in memory 52. As 
shown in Fig. 9B, according to reference data TR, corre- 
sponding reproduced picture data is read from memory 
52 and transmitted to synchronous signal adding por- 
tion 54. As shown in Fig. 9C, synchronous signal adding 
15 portion 54 adds a synchronous signal for each of picture 
data A1 of the first 240 lines (upper half or block B1) 
forming the reproduced picture data and picture data A2 
of the remaining 240 lines (lower half or block B2) based 
on discriminant signal OE. 
zo [0069] As a result, certain first and second pictures 
that proceeds simultaneously and are picked up from 
angles different from each other can be provided for 
users through a one-channel transmission path. The 
users cause monitor 60 to selectively display one pic- 
as ture of the simultaneously proceeding, different pic- 
tures. Thus, various broadcasting services can be 
provided. 

[0070] In the embodiment, MPEG encoding is carried 
out so that a multiplexed picture in an even field 

30 becomes an encoded picture that has reference data 
TR=0. However, MPEG encoding is not limited to this 
manner. It may be carried out so that a multiplexed pic- 
ture in an odd field becomes an encoded picture that 
has reference data TR=0. 

35 [0071] In this case, discriminant signal OE indicating 
an odd field picture is output to synchronous signal add- 
ing portion 54 if reference data TR corresponding to 
reproduced picture data TR, which is sent to synchro- 
nous signal adding portion 54, is even while discrimi- 

40 nant signal OE indicating an even field picture is output 
to synchronous signal adding portion 54 if reference 
data is odd. 

[0072] Further, the GOP structure is not limited to the 
one shown in Fig. 3A. Any GOP structure including an 

45 even number of encoded pictures is sufficient. The input 
of the receiver is not always given by antenna 22. The 
receiver may receive, for example, picture data, which is 
encoded according to a rule, from a recording and 
reproducing device (such as a personal computer hard 

so disk, a DVD, a DVD-RAM, a D-VTR, an MD, and a mag- 
neto-optical disk). 

[0073] Although the present invention has been 
described and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and example 
55 only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by 
the terms of the appended claims. 
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1 . A digital broadcasting system, comprising: 

a picture producing circuit (4, 6) for producing a s 
plurality of multiplexed pictures each formed of 
a plurality of original pictures and encoding 
said plurality of multiplexed pictures to produce 
a plurality of encoded pictures; 
a transmitting circuit (16) for transmitting an 10 
output of said picture producing circuit (4, 6) to 
a one-channel transmission path; 
a receiving circuit (24) for receiving an output of 
said transmitting circuit (16) through said one- 
channel transmission path; 75 
a decoder (30, 50) for decoding said plurality of 
encoded pictures received in said receiving cir- 
cuit (24) to reproduce said plurality of multi- 
plexed pictures and sequentially outputting the 
pictures according to a displaying order; and 20 
a formatting circuit for formatting said repro- 
duced multiplexed pictures output from said 
decoder (30, 50) based on a field type accord- 
ing to said displaying order, 
said field type being an even field or an odd 25 
field, and 

said picture producing circuit (4, 6) producing 
said plurality of encoded pictures so as to real- 
ize a prescribed correspondence between said 
field type and said displaying order. 30 

2. The digital broadcasting system according to claim 

1 , wherein 

said plurality of multiplexed pictures include a 35 
multiplexed picture in said even field and a mul- 
tiplexed picture in said odd field, 
said picture producing circuit (4, 6) includes 
a multiplexing circuit (4) for alternately produc- 
ing and outputting the multiplexed picture in 40 
said even field and the multiplexed picture in 
said odd field from a prescribed one of them, 
and 

an encoder (6) for starting said encoding from 
a multiplexed picture that is output first from 45 
said multiplexing circuit (4) and adding refer- 
ence data indicating said displaying order to 
each of said plurality of encoded pictures, and 
said formatting circuit (34, 54) adds a synchro- 
nous signal of said even field or a synchronous so 
signal of said odd field to said reproduced mul- 
tiplexed picture according to whether the refer- 
ence data of said reproduced multiplexed 
picture is odd or even. 

55 

3. The digital broadcasting system according to claim 

2, wherein 



said plurality of encoded pictures form a GOP 
structure based on an MPEG method, 
said decoder (30, 50) controls timing for output- 
ting said reproduced multiplexed picture 
according to said reference data and generates 
a discriminant signal indicating whether said 
field type of said reproduced multiplexed pic- 
ture to be output is said even field or said odd 
field according to whether said reference data 
is odd or even, and 

said formatting circuit (34, 54) adds the syn- 
chronous signal of said even field or the syn- 
chronous signal of said odd field to said 
reproduced multiplexed picture based on said 
discriminant signal. 

4. The digital broadcasting system according to claim 
2, wherein 

said plurality of original pictures are right-eye 
and left-eye pictures forming a stereoscopic 
picture, 

said plurality of encoded pictures form a GOP 
structure based on an MPEG method, 
said decoder (30) controls timing for outputting 
said reproduced multiplexed picture according 
to said reference data and generates a discri- 
minant signal indicating whether said field type 
of said reproduced multiplexed picture to be 
output is said even field or said odd field 
according to whether said reference data is 
odd or even, 

the synchronous signal of said even field 
includes 

a first synchronous signal corresponding to 
said right-eye picture, and 
a second synchronous signal corresponding to 
said left-eye picture, 

the synchronous signal of said odd field 
includes 

a third synchronous signal corresponding to 
said right-eye picture, and 
a fourth synchronous signal corresponding to 
said left-eye picture, and 
said formatting circuit (34) adds said first and 
second synchronous signals to said right-eye 
and left-eye pictures included in said repro- 
duced multiplexed picture if said discriminant 
signal indicates said even field, and adds said 
third and fourth synchronous signals to said 
right-eye and left-eye pictures included in said 
reproduced multiplexed picture if said discrimi- 
nant signal indicates said odd field. 

5. The digital broadcasting system according to claim 
1, wherein 

said plurality of encoded pictures form a GOP 
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structure based on an MPEG method, and 
said picture producing circuit (4, 6) encodes 
said plurality of multiplexed pictures so that a 
prescribed one of said even field and said odd 
field comes first in said displaying order when s 
the pictures are decoded. 

6. A digital broadcasting receiver, comprising: 

a receiving circuit (24) for receiving, through a 10 
one-channel transmission path, a plurality of 
encoded pictures that are produced by encod- 
ing a plurality of multiplexed pictures each 
including a plurality of original pictures; 
a decoder (30, 50) for decoding said received is 
said plurality of encoded pictures to reproduce 
said plurality of multiplexed pictures and 
sequentially outputting the pictures according 
to a displaying order; and 

a formatting circuit (34, 54) for formatting said 20 
reproduced multiplexed pictures output from 
said decoder (30, 50) based on a field type 
according to said displaying order, 
said plurality of encoded pictures each having 
reference data added thereto indicating said 2s 
displaying order, 

said field type being an even field or an odd 

field, and 

an encoded picture having prescribed refer- 
ence data of said plurality of encoded pictures 30 
corresponding to a prescribed one of said even 
field and said odd field. 

7. The digital broadcasting receiver according to claim 

6, wherein 35 

said plurality of multiplexed pictures alternately 
include a multiplexed picture in said even field 
and a multiplexed picture in said odd field, 
an encoded picture having odd reference data 40 
of said plurality of encoded pictures corre- 
sponds to a prescribed one of said even field 
and said 

said formatting circuit (34, 54) adds a synchro- 
nous signal of said odd field, and even field or 45 
a synchronous signal of said odd field to said 
reproduced multiplexed picture according to 
whether said reference data is odd or even. 

8. The digital broadcasting receiver according to claim 50 

7, wherein 

said plurality of encoded pictures form a GOP 
structure based on an MPEG method, 
said decoder (30, 50) controls timing for output- ss 
ting said reproduced multiplexed picture 
according to said reference data and outputs a 
discriminant signal indicating whether said field 



type of said reproduced multiplexed picture to 
be output is said even field or said odd field 
according to whether said reference data is 
odd or even, and 

said formatting circuit (34, 54) adds the syn- 
chronous signal of said even field or the syn- 
chronous signal of said odd field to said 
reproduced multiplexed picture based on said 
discriminant signal. 

>. The digital broadcasting receiver according to claim 
7, wherein 

said plurality of original pictures are right-eye 
and left-eye pictures forming a stereoscopic 
picture, 

said plurality of encoded pictures form a GOP 
structure based on an MPEG method, 
said decoder (30) controls timing for outputting 
said reproduced multiplexed picture according 
to said reference data and outputs a discrimi- 
nant signal indicating whether said reproduced 
multiplexed picture to be output is said even 
field or said odd field according to whether said 
reference data is odd or even, 
the synchronous signal of said even field 
includes 

a first synchronous signal corresponding to 
said right-eye picture, and 
a second synchronous signal corresponding to 
said left-eye picture, 

the synchronous signal of said odd field 
includes 

a third synchronous signal corresponding to 
said right-eye picture, and 
a fourth synchronous picture corresponding to 
said left-eye picture, and 
said formatting circuit (34) adds said first and 
second synchronous signals to said right-eye 
and left-eye pictures included in said repro- 
duced multiplexed picture if said discriminant 
signal indicates said even field, and adds said 
third and fourth synchronous signals to said 
right-eye and left-eye pictures included in said 
reproduced multiplexed picture if said discrimi- 
nant signal indicates said odd field. 

0. The digital broadcasting receiver according to claim 
6, wherein 

said plurality of multiplexed pictures are 
encoded so that a prescribed one of said even 
field and said odd field comes first in said dis- 
playing order when the pictures are decoded. 
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FIG. 6A 

525P FORMAT 

VERTICAL 
FREQUENCY 60Hz 

HORIZONTAL 
FREQUENCY 31. 5KHz 



FIG. 6B 

STEREOSCOPIC 
F0RMAT(1) 

VERTICAL 
FREQUENCY 120Hz 

HORIZONTAL 
FREQUENCY 31. 5KHz 



525X2=1 050H 



FIG. 6C 

STEREOSCOPIC 
FORMAT(2) 

=NTSC 2CHANNEL 

VERTICAL 
FREQUENCY 60Hz 

HORIZONTAL 
FREQUENCY 15.75KHz 
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